I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The superior orbital fissure syndrome (SOFS) is a complex of impaired function of the cranial nerves (III, IV, V, and VI) that enter the orbit through the superior orbital fissure (SOF). Three major precipitating factors for SOFS are trauma, tumor, and inflammation. SOFS of traumatic origin was first described by Herschfeld in 1858.\[[@ref1]\] In 1896, Rochon-Duvignaud reported the syndrome as a pathological entity in four syphilis patients,\[[@ref2]\] and Lakke defined the complete syndrome in 1962.\[[@ref3]\] Any unnatural narrowing of SOF due to trauma of high impact to the upper and midface (frontobasal skull, Le Fort II, III, and zygomatic complex fractures) can precipitate this condition.\[[@ref4][@ref5][@ref6]\] Direct bony compression of the contents of the SOF and/or a compression hematoma may cause the signs and symptoms of the syndrome which are either complete or partial depending upon the degree of compression of its related anatomical structure \[[Table 1](#T1){ref-type="table"}\]. The syndrome can precipitate itself after reduction of a midface fracture where it was absent previously.\[[@ref7]\] The purpose of this paper is to present three new cases managed with megadose steroid therapy and review the literature of this rare complex.

###### 

Clinical features of superior orbital fissure syndrome with their causes

![](NJMS-3-222-g001)

C[ASE]{.smallcaps} R[EPORTS]{.smallcaps} {#sec1-2}
========================================

Case 1 {#sec2-1}
------

A 26-year-old male suffered injury due to road traffic accident and reported to the maxillofacial unit after 5 days with the complaint of pain and tenderness over the left cheek region, inability to move the left eye, and numbness over the left forehead. On examination, there was mild swelling on the left half of the face with partial ptosis of the left eye. There was mild proptosis and periorbital edema but marked subconjunctival hemorrhage in left eye \[[Figure 1a](#F1){ref-type="fig"}\]. Pupil was dilated with vision intact and there was complete absence of movement of eyeball in all the gazes. On ophthalmic examination, there was loss of corneal reflex, loss of direct light reflex, presence of consensual reflex, and loss of accommodation reflex. An ophthalmologic consultation revealed normal fundoscopic findings. On palpation, there was tenderness at the left fronto-zygomatic suture and infraorbital rim. His mouth opening was normal. A computerized tomography (CT) scan showed proptosis of the left eye with no intraconal or extraconal hemorrhage. There was fracture of the lateral wall of the orbit with obvious bony impingement on the lateral rectus. The medial wall and the ethmoidal sinuses were uninvolved \[[Figure 1b](#F1){ref-type="fig"}\]. A diagnosis of fracture of left zygomatic bone with SOFS was made. The patient was managed with megadose steroid (loading with 30 mg/kg methylprednisolone followed by 15 mg/kg every 6 h for 3 days) and anti-inflammatory drugs. There was partial improvement in the ptosis, proptosis, and ophthalmoplegia after 2 weeks. At the end of 6 weeks, there was complete recovery of ptosis and ophthalmoplegia \[[Figure 1c](#F1){ref-type="fig"}\].

![(a) Case 1. Frontal view depicting partial proptosis and ptosis with fixed gaze. (b) Axial CT scan depicting proptosis in left eye. (c) Recovery after the end of 8 weeks](NJMS-3-222-g002){#F1}

Case 2 {#sec2-2}
------

A 20-year-old female reported with a chief complaint of pain and swelling on the left half of the face and inability to open her left eye. She had suffered injury few hours back when a rotatory machine belt reportedly broke and directly hit the left side of her face with high impact. Her left half of the face was swollen with complete ptosis of the left eye \[[Figure 2a](#F2){ref-type="fig"}\]. There was proptosis, periorbital edema, and ecchymosis, but no subconjunctival hemorrhage. The left pupil was fixed and dilated with vision intact and there was complete absence of movement of eyeball in all the gazes \[[Figure 2b](#F2){ref-type="fig"}\]. On further ophthalmic examination, there was loss of corneal reflex, loss of direct light reflex, presence of consensual reflex, and loss of accommodation reflex. Ophthalmic consultation was done and fundoscopic findings were normal. On palpation, there was depression and tenderness over the zygomatic arch region with tenderness at the fronto-zygomatic suture and the infraorbital rim. There was paresthesia over the left forehead, but sensation over the left infraorbital nerve distribution was normal. Her mouth opening was reduced (2.0 cm) with tenderness at the zygomatic buttress region intraorally. An occipito-mental view of skull showed generalized opacification of the left maxillary sinus with fracture of the zygomatic bone. A CT scan showed marked proptosis of the left eye with no intraconal or extraconal hemorrhage. There was fracture and mild buckling in of the lateral wall of the orbit. The medial wall and the ethmoidal sinuses were uninvolved \[[Figure 2c](#F2){ref-type="fig"}\]. A diagnosis of fracture of left zygomatic bone with SOFS was made. The patient was managed conservatively with megadose steroid and anti-inflammatory drugs. There was partial improvement in the ptosis, proptosis, and ophthalmoplegia after 2 weeks, after which reduction of the fracture without fixation was done intraorally under local anesthesia. Intraoperative check was maintained for any aggravation of signs and symptoms (e.g., an acute pain in retrobulbar region). The mouth opening improved intraoperatively. The patient was followed at regular interval and her condition improved over the period with mild ptosis still persistent at the end of 8 weeks. The patient was lost to further follow-ups.

![(a) Case 2. Frontal view showing complete ptosis and periorbital edema. (b) Dilated and fixed pupil with complete absence of movement of eyeball on left side. (c) Axial CT scan showing marked proptosis and fracture of the lateral wall of orbit on left side](NJMS-3-222-g003){#F2}

Case 3 {#sec2-3}
------

A 38-year-old male suffered facial injury due to road traffic accident 12 days back. He was managed conservatively in a peripheral health center for head injury and was referred to the ophthalmology unit at our hospital. The diagnosis of SOFS was made by the ophthalmologist and the patient was further referred to the maxillofacial unit for opinion regarding facial fractures. On examination, there was bilateral circumorbital ecchymosis and subconjunctival hemorrhage. There was marked proptosis in the right eye \[[Figure 3a](#F3){ref-type="fig"}\]. The eyeball was fixed in a lateral gaze. Pupil was dilated with vision intact and there was complete absence of movement of eyeball in all the gazes \[[Figure 3b](#F3){ref-type="fig"}\]. Ophthalmic examination revealed loss of corneal reflex, loss of direct light reflex, presence of consensual reflex, and loss of accommodation reflex. On palpation, there was depression and tenderness over the zygomatic arch region with tenderness at the fronto-zygomatic suture and the infraorbital rim. A CT scan showed marked proptosis of the right eye with no intraconal or extraconal hemorrhage \[[Figure 3c](#F3){ref-type="fig"}\]. The patient was already on the regimen of megadose steroids prescribed by the ophthalmologist. There was partial improvement in the ptosis, proptosis, and ophthalmoplegia after 4 weeks. The patient was lost to further follow-up.

![(a) Case 3. Partial ptosis, circumorbital edema, ecchymosis and subconjunctival hemorrhage. (b) Marked proptosis, wide pupil, and fixed lateral gaze in right eye. (c) Axial CT scan showing proptosis in right eye](NJMS-3-222-g004){#F3}

D[ISCUSSION]{.smallcaps} {#sec1-3}
========================

The SOF separates the lateral wall and the roof of the orbit and also the greater and the lesser wing of sphenoid. It serves as a pathway between the orbit and the middle cranial fossa. The shape of SOF is like a pear with the long axis extending upward at an angle of 45° from the broad base medially to the apex laterally \[[Figure 4](#F4){ref-type="fig"}\]. Reymond, *et al*. in their cadaveric study on 100 skulls concluded that SOF had mainly two morphological variants: Type "a" with characteristic narrowing within the fissure and type "b" which lacked such narrowing and was significantly shorter. The morphological types of the SOF did not present any statistical variation correlating with gender and body type. The size of the SOF in an adult is around 22 mm in length, 2-3 mm in width at the apex, and 7-8 mm at the base.\[[@ref8]\] The tendon of the lateral rectus muscle divides the fissure into two parts: The superior part contains trochlear nerve (IV), frontal and lacrimal branches of the ophthalmic division of the trigeminal nerve (V), and the superior branch of ophthalmic vein; and the inferior part which is confined within the tendinous ring contains superior and inferior branches of the oculomotor nerve (III), abducens nerve (VI), nasociliary nerves (V), and the inferior branch of ophthalmic vein, making them more susceptible to shearing injury during craniofacial trauma.

![Diagrammatic representation of right superior orbital fissure with its content (1. lacrimal nerve; 2. frontal nerve; 3. trochlear nerve; 4. superior branch of ophthalmic vein; 5. superior branch of oculomotor nerve; 6. nasociliary nerve; 7. inferior branch of oculomotor nerve; 8. abducens nerve; 9. inferior branch of ophthalmic vein)](NJMS-3-222-g005){#F4}

In a review of 11,284 patients of craniofacial fractures, Chen and Chen found 33 cases of SOFS (0.3%).\[[@ref9]\] Similar studies of large sample size of maxillofacial trauma patients have shown the incidence to be less than 1%.\[[@ref10][@ref11]\] It is a complex consisting of periorbital swelling, proptosis, ptosis, numbness of forehead, and paralysis of extraocular muscles due to impairment of III, IV, VI, and the first division of V cranial nerve. An SOFS does not involve the optic nerve and the vision is unaffected. With involvement of the optic nerve and a subsequent compromised vision, the condition is known as orbital apex syndrome where orbital exploration may be recommended on an emergency basis.\[[@ref11][@ref12]\] Cranial nerve IV is the least severely injured and achieves the highest level of functional outcomes. In contrast, cranial nerve VI is the most severely injured. This can be the result of its passage through the common tendinous ring and close proximity to the greater wing of sphenoid bone and its long intracranial course.\[[@ref13]\]

The rationale behind the treatment of SOFS of traumatic origin lies primarily in minimizing further irreparable damage to the neuronal structures. Fracture repair and restoration of the bony anatomy come secondary. Because of relatively small number of cases reported, no specific guidelines have been clearly defined. But a general consensus lies toward initial observation period of 10-14 days before any surgical manipulation of fracture segments is done.\[[@ref14]\] This prevents any hazard of further hemorrhage, involvement of the orbital apex (optic nerve), or injury to the other nerves.

Initial steroid therapy has shown to affect the prognosis of the condition. Postma, *et al*. (1982) first reported the short-term use of dexamethasone (4 mg every 6 h) in patients with traumatic SOFS. Neurologic sign and ocular symptoms recovered at the 3-month follow-up.\[[@ref15]\] Rohrich, *et al*. showed similar encouraging results with loading dose of 1 mg/kg dexamethasone followed by 0.5 mg/kg every 6 h to treat SOFS in addition to the reduction of associated facial fracture.\[[@ref16]\] Recently, Acarturk, *et al*. reported excellent outcome in five patients with traumatic SOFS using megadose steroid of 30 mg/kg methylprednisolone followed by 5.4 mg/kg/h for 48 h.\[[@ref17]\] The literature on steroid treatment of traumatic SOFS shows that the patients treated with steroids have a better chance of neurologic recovery than those with observation alone.\[[@ref9]\] Reduction in swelling and edema helps decompress the contents of the fissure and restoration of neuronal function. The current regimen of steroid therapy is methylprednisolone 30 mg/kg loading dose followed by 15 mg/kg every 6 hourly for 3 days. This parentral therapy is followed by regular tapering of oral steroid. Improvement reaches its plateau by the end of 6 months.\[[@ref9][@ref13]\]

Surgical intervention is considered when there is an obvious retrobulbar hematoma showing no signs to resolve. An exploration of the orbital apex through a lateral transconjunctival orbitotomy to evacuate the blood can be successful in such situation. A CT scan depicting an evident bony compression from a displaced sphenoid fracture or an orbital blow-in fracture with narrowing of SOF should prompt for a surgical decompression to reduce intraorbital pressure. Chen and Chen propose direct decompression of SOF through the coronal approach and zygomatic osteotomy. This is followed by reduction of sphenoid bone under direct vision.\[[@ref9]\]

In summary, SOFS is a rare complication of craniofacial injury. Diagnosis is based on clinical presentation which can be confirmed by radiological examination. In the absence of compression by the fracture fragments, conservative approach with megadose steroids should be the first line of treatment. The prognosis may not be as good if symptoms are caused by displaced bony fragments. With an evident bony compression, a surgical decompression should be planned. The associated facial fractures, especially orbital blow-in fracture, should be reduced early to relieve intraorbital pressure, if the general condition is stable. Partial to complete recovery of cranial nerve function can be expected after proper treatment and improvement reaches its plateau by the end of 6 months.
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